Diethylnitrosamine is a carcinogenic chemical found in food unintendedly and also in different media such as cosmetics. Nigella sativa plant has anti-tumoral, anti-inflammatory and anti-diabetic activities. OBJECTIVE: Aim of this study is to investigate effect of thymoquinone -one of the active ingredients of Nigella sativa-on erythrocyte fragility in diethylnitrosamine administered rats. METHODS: 28 male Wistar-albino rats were divided into four groups; Control group (Saline/5 days, i.p.), thymoquinone group (4 mg/kg/5 days/p.o.), diethylnitrosamine group (Saline/5 days, i.p. and diethylnitrosamine 200 mg/kg/i.p. in two consecutive days) and diethylnitrosamine + thymoquinone group (4 mg/kg/5 days thymoquinone p.o. and diethylnitrosamine 200 mg/kg/i.p. in two consecutive days). Erythrocyte fragility, hemoglobin and hematocrit counts were performed. RESULTS: Number of erythrocytes was increased significantly (p < 0.05) in diethylnitrosamine administered group (9.05 × 10 6 /mm 3 ) compared to control (7.44 × 10 6 /mm 3 ) and thymoquinone (7.75 × 10 6 /mm 3 ). Hematocrit value was significantly higher in diethylnitrosamine group (52.47%) compared to control (44.75%) and thymoquinone groups (46.21%) (p < 0.05). Hemoglobin value was higher in the diethylnitrosamine administered groups (18.43 and 17.63 g/dL in diethylnitrosamine and thymoquinone + diethylnitrosamine groups respectively) compared to groups without diethylnitrosamine administration (15.15 and 15.87 g/dL in control and thymoquinone groups respectively) (p < 0.05). Mch was found significantly higher in thymoquinone+diethylnitrosamine group (p < 0.05). No significant difference in erythrocyte fragility was observed among groups. DISCUSSION AND CONCLUSION: Augmentation in erythrocyte, hemoglobin and hematocrit count due to diethylnitrosamine administration and a slight reversal due to thymoquinone administration were observed without statistical significance.
Introduction
Diethylnitrosamine (DENA) is a hazardous chemical, found in cigarette, fried foods, cosmetic preparations and pesticides [1] [2] [3] . DENA is known for its carcinogenetic nature for a long time [4] and can cause various gastrointestinal system cancers such as esophagus [5] , gastric cancers [6] as well as carcinogenesis in liver 7 . DENA causes hepatic cell necrosis without cirrhosis [8] . Because of its carcinogenic properties due to its liver cell proliferative property, it is preferred in animal studies to experimentally induce liver cancer [9] [10] [11] [12] . Vesselinovitch et al. [13] administered DENA to C57BL/6Jx C3HeB/FeJ F1 (B6C3F1) and C3HeB/FeJxA/J F1 (C3AF1) hybrid mice and observed tumors in liver, lungs, and stomach. Among liver tumors hepatocellular carcinomas was the most abundant in their study. In addition to carcinogenic nature DENA also causes alterations in androgen sensitivity of hepatic cells in Wistar rats which alters physiological functions of liver adversely [14] .
In addition to carcinogenetic effect, DENA causes elevation in serum AST, ALT, ALP, LDH and bilirubin levels. It also augments levels of oxidative stress markers such as lipid peroxidation and decreases antioxidants in Wistar albino rats [15] . DENA causes alterations in some enzymes found in serum and tissues. When liver cells are injured, several types of liver-specific enzymes, including aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phospatase (ALP) elevates. Studies indicate that DENA elevates activities of these enzymes [16] . Avasilcai et al. [17] showed that the post treatment with sodium selenite increased DENA toxicity. Total bilirubin, direct bilirubin, HDL-cholesterol and iron blood levels, as well as GGT and AST activities were significantly increased. Gayathri et al. [18] observed changes in the levels of ATPases in liver and erythrocyte membranes of male Wistar rats when rats were administered with DENA (200 mg/kg bwt in saline). Administration of DENA (200 mg/kgbw) to rats, caused significant decreases in serum albumin and tissue antioxidants such as GPx, GST, SOD, CAT and GSH [19] .
Studies revealed that the haematopoietic system is also affected by DENA. Sarkar et al. [20] found red blood cell membrane damage due to administration of 200 mg/kg DENA to Sprague-Dawley rats. Another study by Gnanaraja and Prakash [21] also revealed alterations caused by DENA in hemoglobin and red blood cell count in mice.
Thymoquinone (TQ), is an active ingredient of Nigella sativa L (NS) seed which is a herbaceous plant. NS plant is used in folk medicine in different countries [22, 23] . Modern experimental studies revealed that Nigella sativa seeds have immune regulatory, anti-inflammatory, anti-tumoral and anti-bacterial properties [24] . Ekanem and Yusuf [25] investigated the effect of black seed oil (Nigella sativa oil) on parasitaemia. There were significant increases (p < 0.05) in the values of Hb, MCHC, PCV, RBC, WBC and platelet counts of the infected oil-treated rats in comparison with the infected untreated rats. Seeds of this plant contain volatile oils such as TQ. TQ was shown to exert protective effect against hepatocarcinogenesis [26] [27] [28] [29] [30] [31] . Anti-proliferative and pro-apoptotic activities of TQ in both NSCLC and SCLC cell line were shown [32] . Earlier studies reported that thymoquinone exerted inhibitory effect on cell proliferation of many kinds of cancer cell lines, including breast adenocarcinoma, ovarian adenocarcinoma, colorectal cancer, human pancreatic adenocarcinoma, uterine sarcoma, neoplastic keratinocytes, human osteosarcoma, fibrosarcoma and lung carcinoma [33] . Nithya et al. [34] revealed that the oral administration of TQ at a dose of 20 mg/kg bw ameliorated levels of biochemical parameters in benzo(A)pyrene induced lung carcinogenesis in male Swiss-albino mice. TQ significantly increased the survival against LPS challenge in D-galactosamine sensitized mice, and decreased the levels of serum ALT and AST.
Aim of this study is to investigate effect of thymoquinone which is one of the active ingredients of NS on erythrocyte fragility and some selected hematological parameters in diethylnitrosamine administered rats. 
Materials and methods

Animals
Hematological measurements
Blood was withdrawn from rats into EDTA containing tubes under anesthesia. Hemoglobin, hematocrit and red blood cell count was performed via a coulter counter device adjusted for animal research. Red Blood Cell value is presented as x10 6 /mm 3. Hematocrit value is presented as %. Hemoglobin value was presented as g/dL. From those measurements mean corpuscular volume (Mcv), mean corpuscular hemoglobin (Mch) and mean corpuscular hemoglobin concentration (Mchc) were also assessed.
Erythrocyte fragility test
Erythrocyte osmotic fragility test was performed using phosphate buffer containing dilutions from 0.1 to 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9% of NaCl. Following 24 hours of incubation at 37 C temperature 30 microliters of blood was added into those dilution tubes. Following gently mixing, 30 minutes of incubation at room temperature was waited. Tubes were centrifuged at 3000 rpm for 5 minutes. Supernatant fraction of the centrifuged tubes was measured at 546 adsorbance with the aid of spectrophotometer.
Statistical analysis
Results are presented as arithmetic mean ± standard error of mean. Kruskal-Wallis and Tukey's tests were performed for statistical analysis.
Results
Number of red blood cells was increased in DENA administered group (9.05 × 10 6 /mm 3 ) compared to control (7.44 × 10 6 /mm 3 ), TQ (7.75 × 10 6 /mm 3 ) TQ+DENA groups (8.32 × 10 6 /mm 3 ). This increase was significant when compared to control and TQ (p < 0.05) ( Table 1) . Hematocrit value was found higher in DENA group (52.47%) compared to other groups and this increase was significant compared to control (44.75%) and TQ (46.21%) (p < 0.05) ( Table 1) .
Hemoglobin value was found higher in DENA (18.43 g/dL) and TQ+DENA (17.63 g/dL) groups compared to control (15.15 g/dL) and TQ (15.87 g/dL) groups (p < 0.05) ( Table 1) .
In Mcv parameter DENA group was found lowest (57.87 fl) whereas control was highest (60.10 fl) without statistical significance.
In Mch, TQ+DENA group was significantly higher (21.23 pg) compared to all other groups. Finally in Mchc no statistical difference was found among groups although DENA (35.27 d/dL) and TQ+DENA (35.37 g/dL) groups were higher than control (33.90 g/dL) and TQ (34.40 g/dL) groups.
Erythrocyte fragility of TQ group was found higher at 0.4 and 0.5% NaCl conditions compared to other groups without statistical significance (p > 0.05) (Fig. 1). 
Discussion
Thymoquinone which is a potent anti-inflammatory and anti-tumoral agent and found in seeds of NS was tested in diethylnitrosamine administered rats for its potential protective effect on hematological parameters and erythrocyte fragility. Augmentation in erythrocyte, hemoglobin and hematocrit count due to DENA administration and an insignificant reversal impact of TQ administration were observed.
Erythrocyte fragility results present no significant alteration due to DENA or TQ administration. A slight increase in 0.4 and 0.5% NaCl concentrations was observed due to TQ administration however this increase did not reach statistical significance. These results state no apparent impact of those applied chemicals on membrane stability of erythrocytes. Although TQ is stimulating suicidal death of tumor cells and exert its anti-carcinogenic activity by this activity, similar to nucleated cells, erythrocytes were also shown to experience suicidal death or eryptosis due to TQ exposure [35] . Although we observed no significant alteration in erythrocyte fragility due to TQ administration, almost in all NaCl concentrations hemolysis percentage was highest in TQ applied group. Reason of insignificant results may be due to relatively short administration period (5 days). Longer exposure to TQ may then cause significant increase in erythrocyte hemolysis. Although NS is a well-known medicinal plant due to its various health benefit, this active ingredient of NS may show adverse effects on erythrocyte membrane stability and erythrocyte viability at those applied doses. In a study crude extract of NS administered at high doses showed potent anti-hemolytic activity in osmotic fragility test [36] . Preincubation of erythrocytes with NS was reported to show a protection against increased osmotic fragility caused by H 2 O 2 [37] . Similarly NS aqueous seed extracts showed a protective role in erythrocyte fragility in alloxan induced diabetic rats [38] . This reveals a protective effect of NS on erythrocyte membrane. Another ingredient found in this plant may exert this protective activity against osmotic fragility or a synergistic effect can be considered, however, TQ alone at our dosage did not show such a protective effect.
Results of different blood parameters revealed that DENA increased erythrocyte count significantly compared to control. Result of TQ+DENA group was lower compared to DENA group however this decrease was not statistically significant. Therefore it can be concluded that TQ administration possess a slight reversal effect. In a study by Salau et al. [39] 30 mg/kg DENA once a week on weeks 3 and 4 significantly altered liver MDA, SOD, CAT, GPX, GR levels. However DENA administration did not change red blood cell count, haemoglobin concentration, packed cell volume, mean corpuscular volume, mean corpuscular haemoglobin, mean corpuscular haemoglobin concentration, white blood cell count, lymphocyte count and neutrophil count). This finding is in contrary with our results. A similar pattern was also observed in hematocrit value. DENA group presented the highest hematocrit value among groups. Similar to the result observed in erythrocyte count, TQ administration slightly reversed the impact of DENA but without statistical significance. In a study by Zaoui et al. [40] administration of 1 ml/kg/day NS seed fixed oil for 12 weeks showed an increase in hematocrit values. However in our study TQ exerted no such effect. This finding suggests a differential activity of whole plant extract and its active ingredient TQ. Another blood parameter, the hemoglobin value, was found higher in DENA administered group significantly compared to control and TQ groups. In a study by Gnanaraja and Prakash [21] methanolic extract of Tephrosia purpurea was shown to ameliorate alterations caused by DENA in hemoglobin in mice.
DENA is known for its potent hazardous impact on liver, gastrointestinal system, blood chemistry parameters and oxidative stress. Various studies exist to test protective effect of different biologically active molecule against impact of DENA administration. Pradeep et al. [15] administered DENA as single dose and it caused hepatotoxicity and oxidative stress. In their study Cassia fistula resulted in the reversal of most of the parameters studied markers of hepatotoxicity and oxidative stress. In another study by Atakisi et al. [41] administration of omega 3 fatty acids (0.4 g/kg for 7 days) was shown to exert protective effect against DENA caused alterations in liver enzyme parameters, NO production and uric acid levels via its free radical scavenging activity. Evaluation of similar studies suggested reversal of hazardous impact caused by DENA depending on antioxidant and liver protective effect of tested biological molecules.
This study, designed to test protective effect of TQ in DENA administered rats, show a slight ameliorative effect of TQ in concomitant administration with DENA. Longer administration schemes may yield a more protective effect of TQ in such hematological parameters whereas may present significant increase in erythrocyte osmotic fragility due to TQ.
